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(57) Abstract: 

PROBLEM TO BE SOLVED: To estimate internal EGR 
amount with high accuracy. 

SOLUTION: A basic value of internal EGR amount 
without overlapping is calculated (S2), and when 
overlapping, increasing correction amounts (S5, S6, S7) 
due to overlapping calculated by considering overlap 
time, a center crank position thereof, and intake air 
pressure are added to calculate internal EGR amount 

(58) . A target closing timing of an intake air valve is 
calculated to a target air amount correcting valve 
obtained by adding the internal EGR amount to a 
calculated target air amount (S1). 
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[0048] mt&m-ty+tmzz. D«ass*ifc 

Sr. HHc*-?wcKWS. 03<4. .x-f yrt~-f-y*> 

[0 04 9] Xt-v 71X14, T^-fe/P^^Hr^iM 
4 1/zX o *C*ttB3 tufcT 7 •te/HIIfle&tf? "yy^M-^y 
-9-1 3fcioT«iaj$ii3iixys;y|i||Kjfi|»fca*si 

^{cm^-?JtaS^SFQH0EM2:S:aj-rS. 

•y72T*i4. f*jg|5EGRi<7)i® • 

7ifm> vKJBtCfe tt*«**E VE GR 0 fcJMW*. 

s»aitt, m4<r>^-y^-^-yi l zm^x^htii . bp 

Xf772 1 , 2 e 
#C7)g«Hl$SJ (EVC) £gS^32^ Xr"/72 3t 
itL4>t*^v vt. 127 o fcWttf*— * feat? 

v^T#*s*ifc*7 v7f- yji-zmmi-x. ^spegr 

*OS*MEVEGR0 2:, WEBUffiSUlFQHOE 
M{£*W*EGR*fc LX&iti-th. tl*IEVEG 

SBevc tctjit* tfx h y&MTM& h^v yy&m* 
/J>S v m Z'J?% < 3: 9. H 7 Iz^-fX o fc#*U3EjS"C 
fc/hi: isi-trx h y{mx-i> Evctm%±& 

jtmi,z$)&b* (jaTacsBTDckvo) 

Cj&^SU3&£»£&4i:S (JSlTjttffATDCfcv* 

8#Xg^4 9fl&EGR»4«iM-&. 
^fc-^fBftte. «tttiftt)<J5Tft*fe«>. xy^'y 



mE^NeKi-oTk^ffcL, xy^'yEHg&gN e 

i ! ATD c t § jiSBRwanjwseaw-^fcwttt 

S f*l3SE G Rfic7)^fi*s^S < &S . *fc , smjjE 
T-xyyy BHSttCN e c^Cfci 5 fig&E gri^e 

[0 050] H3£M^T. #«3,#6 

^ swmmMB vet 5 «d swmma ivot# 

-A-777LTt^l^fl^^tlt:(l X-r-y 
74AottA,T*:*-^-5 77KJ: S^EGRicoffliE 
*OLEGRl«r0t£-fevMN&. ZtllZ£<0^ flgffE 
GRili, 15IB**ffiEVEGR0fc^§tl|» o 
[0051] Xf773t« • ttStfWsiw*- 

T\ M^-^^-7>yr^O^*aiE<iOLEGR0^ 

ftS. BP-fe, 05OXf773 1 , 3 2, 3 3txyy* 

y wmxn e „ e <r> mwmmE. v c . 

771 (?5y^W) ^^-^-7 77^0LT 
IME{C^»-TI>. 

[0052] OLT I ME= (EVC-IVO)/Ne 

&\^x\ ^f773 5fit Mie^--^>*-5-yr^o 

LTIMECI"?^!, W-A'-777IBf0OLT 
I MEfcajiSttRSSiUtilO LE GC 0 l?77f 

T I ME^Jttfcfci^ Trt»EGR«*«i|h*rt-4«-C, 
tufBffiOLEGC0{i. *-A-5-/7^HOLTIM 

e txm± Lxm^z fix v ^ . 

[0053] 773 6X'li. mMt6V>BWmm 
E V C #B TD C iZfo **»A T D C -5 *»*HJ9W" 
S„ Xf773 6t< EVC*>'BTDCtC;^Si:fJ^S 
X-r-yT3 7^^T\ M£XxvT3 5 
TflBRSflfcttO LEGCOfc, 
T^cOS^ffliEfflO LEGR0 i; LTRJ&f* . 

[0 0 54] Xf773 6tEVC^ATDCK 

^Sk^^fL/ck^Ji, Xr>yT3 8^vjl^% HE 
^^fflO LEGC 0 2r SSnD^BE V C KB tTifeft 

OLEGROkLTiS^-T-g.. OLEGR0=OLEG 
CO -EVC <±J&*C«0»l*) X^tfiP*> s 
GR*<^6*fl[tC«rftfi • m&(T>*-n-5 771$ 
fc***t*SMai (iifi) 14. *-A'-5 7 71 (BM) 

tfw-x%>, %m#<7>mvmEvciz£-?xv:z&LcD 
fmmtwzhztKwzx^xwzh. m&\±. xy 
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(B$H) tCOWC. EVCfc:4&F*lS&EGR 

EVC^BTDC fcfljgSfufc fc * 14. 

9 -y 7 £4 5 rtSPE G R&commZE V C £4 ^-fB&— 

^lt»$il^. -I;h.i4. EVC#BTDCfc:£>&i;# 

7*3 7^)4 ot=. EVC (±5E^HffOit^«) £4 4*1 
iE{4fT*>£-^. 

[0 0 5 5]— £\ EVC^ATDCtS>?,i:f(Jg§n 

x\ w.zmLZtii,z<<%&. tfz. y",~rm 
u >yft\,zmz&Kmmztiz> ztizx *)%m#- h 

. ^O^rtgPEGRM^'ii^rr^*^ c^iii 
4H4, -y 3^fa#Ji5Ej5ffifi££>£ k £ Ji* 

# V \'- 7 >y 7^3^^'_h3^*^ hMtlh IZfc-o 

X4^<*cht%z.t>ixh« IP*>. ^-A-7 7 riH 
tfltt&lziBi^b % izit. W^fttfrnfrtLtc^to-^ 
-^yTBfkJtKLT. y'Jy^^lff^ti, 
^OMO^Srtg&EGRM^fi 
*#f47c#V\ dftfcttU >yTMra* s ±5E 

i^m— a-^ y r^fttex h ymci oti^-rs 

^'J^^rtOcRAftEi:. :*-^-5-yTfc:4D©$vK 
- N*» 4> »J y yizmbZf&fa&EEt OH*vJs$ < ^ 

Hfr'/KK&s. ^^w\'-7 77 
t,z£&%m<vmr)l,z£i>fHfflEGR&<7)MM,ftl±. 
^-y-/y°mm (X(iEvc) aU3E,6#>£>8lixl> izm 

■oxm-t&. 

[0056] Jilt?) 4 3 %m&X\ H8 (Cijrf 4 d fc. 
EVC^ATDC ^-^N*-^-y7"C4-S 
|*jgffE G R*c7)ft*J4. EVC ifi±3g&frt>mxh iZ% 

t=. evc (±K&tk<7MMMi) izstm-fhtmniEt: 

[00 5 7] H3£M-?T. X^f-yTbX'M. 1uie<04 
o itZ LXM.m,Ztltt-s*-y >y T^S^WSIEffiO L 

O^iE^OLEGCB^ai-ri,. IP*>. m?M*ffi 
lEffiOLEGROJi. ©51E— Jg (-50mmHg) cT^fK' 



CD;*— A— 5* •y7T$OF*gg&EGR*it*#i: LT»JfJ£ 
flfc**. 3r-A'- 7 »/7i (Bffg) . EVC#|5j— 
oTk^JE^-fttSJ:. -eixK4^T*-A-7-y 

mv±rfi&j&]&-fex®mztiz>i§&i3.. mjEo&m 

«4. tolS^.n-y hMt- 1 0^«2r»S^-oT^i0 
f2^Etc$iJfflIL^±T\ $^#5<7)HB#8§fc4.f>©A£ 

mmmzfro^izi^ fuiesmiB^t 
[0058] mmmz^tmwm.o legcbw 

Xf7T4 lT'JimflBxn-y h;^^$ijffll^4-g. 

XT774 2tll i^#6<?)ggHltlEVC^ 
^.7"'yr4 3-C(4iix^(c:^V^T. H9^~r 
4 5^#S-r'-^fc^V->T^$ilJt-7-y7°x-7'^ 
£&3gLT. ©MjEtfEt^ffiiE«S[OLEGCB^ 
^T^.. i9(t im&. (ftE) =-50mniHg^T'O|*l^ 
E G RMommjHzltf-? h ®.mj± = - lOOmmHg. - 300mm 
Ug8fXcr>fi&E G R&CDMm-ftcomm ^ Ltz i> C0Xfo 
h (^-^-y-yym^yy^m^O' .40° bLt: 
43iOOx-^) . m^XoiZ^ «RflE=-100mmHg 
<Db%l&, evc <yy°mmcr>*>b) CV£it 

^4^-f. B&2«T'-^-CS)^O^L. ©MjE=-30 
0mmHgOi:§(4. EVC#BTDC{Cfc^i:#(4. 3— 

4mnmx'®-%.xh$>*K atdcws t%i±. ± 
mLfr^Mti&izt'&mmzfem&Mttz. 

®ME— 56 (-50mmHg) OittTEVC^ATDCt:!, 

h <nxm%crm o mcomm^m^-f %> h . 

"SMftff^-300mmHg^S k . Mi 0 

>y T^*|t4 Si' 'J >^^OjE*OH^*±# < 
^S^J14^3& i ^#<«t^§^SO-C. -50nnnHgB$tC 

nLxfemt> i ±*<-%ht%z.t>tiz>ttxhh . 

[0 0 59] m3lzm-?X, Xf77 7tli. X^-yT 
5T-StliL^»**iIE<lOLEGR0t-. Xf776t 
Stlit^©^Etc:^t7tffliiE^ScOL EGC B%mt 
X . S^W^-^-^n'- 7 -y T^OrtgP E G R IE» 
OLEGRlSrSLaj-ri,. -ftT. ^^>yr8T'{i. X 
X >y 7° 2 T-aai $iX7t: F^gPE G R iO^jsffl E V E G R 
0(c. ±IE04 a(cLTS[aj$ii^:^--^'-7 77iSf(0 
ME»0 LEGRl SrJo^l LTiiMffiJE-T S i t \,Z 4 
0. ft^W^aEGR*EGRREMS:}t5t^S:-fS 

[0060] EGRREM=EVEG R0+OLEGR 



FQHOEM*. BUl£t*ia5EGR4t^^TffliE-ri. 
££££9, Bf|ag«ffiIEffiHQHOFM£T3|:ffi-f£ 

K-ri»Wt-C{4'2r<. flg&EGRAtJ^-C&HSM* 
[006 13 

HQHOFM=FQHOEMx (1+EGRREM) 
Xf77-1 OT'ti. BffiaSS^ftffijEffiHQHOFM 
■fcat^V^T. "^#5<Oa«W^IVC£*a}-$-*. 

mmwmmwiziiif) 5 afimwsmn 1 

v c T-H#-r s j- 3 (dmw$ its . 

C 0 0 6 2 ] CO «fc o tmufs x>W3HE:R»cfc 
TMO^t^ck <SE-(W4l*Jl»EGR**a<JC 

%Y)v?mn*:'*xz.&. mz, imkoxoizlx. ms. 
ig£M%-gimmzffi£thm 2 ^hm^jbucov ->tk 
hmmmmmi. m*mzi± . xr7n-^-^9i:j: 

[0063] isiTs ±353mmttsm<?>mw<7)t:it><7)& 
2 <7mwmiz&2> is y yym&sm ( ^ y i^ags 

H. Hi l—Sl 5<iO#/k-fyt07D-f^-h^: 

<fc 0 , ffisatcKBa-j-s . hi a 

IT7U-^-^ 1 4fcJ: Dtff!l$*iSi®A^i: (U 
JIMS) £Qa (kg/h) t-T** 1 . 1/3600J 
JfttT. (g/msec) tUIl 
[0064] * fc . ©M,-7-^-;P b*3P<DE?} £ P m 
(Pa) % SWSrVm (m» ;-^).2MfMCm 
(gK M5Tm (K) fc-fS. 4fc. ^y>^*)5o 
ETJarPc (Pa) v §fJVc < m s) , 
Cc(g), fflKfcTc (K) Hfc. y'Jyr 

rt*f«w6-*»7 (%) t-r*. 

[0 0 6 5] ©^vxtf-rt^fc^yy^i; 
T\ Pm = Pc. Tm = T c ( ffifi&tf iajgti^-ffc 
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(08;tlf 1 ms e c ) ^C^ff$tL^>. 775 IT* 
14, xT7n-^-^i4O!iJ7JJ:0iKASMaQa 
(-RSSK* ; g/m sec) fcffHBf-* . 
[0066] X-fv75 2t'ti. iSA^»Q acom^ 

&£MACa (SSW*; g) =Qa • AtfcJKBf 

& . B l 2 ti >- y J'*'*»fMHBBa/P- *>0>y o 

•/7°6 1TI4. ^#5<9BlB«$I VC. iSM#50gB 

£:h.£>tii&m# 5Jtt/^#6 L y 7 h -fe >tf£R 
ttT««»(ct«aLT«>J:V^ S&l<-DllS6®«ii:P! 
n>b o-;lo-- <«/ M 2 T'0$iJ1»±co^ffl ( S 

gm> £ffi^-s> £ t x-tsmtx-z h . 

[0067] Xf77'6 2X'\i. «»#5<?DBH«aBI V 

3 ) Xf776 3T(l ®«*5«IIV 

O. ^#60EB^EVC. X>-^>-llIiK^Net 

s^^t, %\<nmmmx^%\^tz-5mz±->x. n 

HPEGRiX(v) (wiKEO^EGRiEGRREMtC; 

[0 0 68]Xf77'64-eil KflESgVc (y'jy 
^«) «HErtlKEGR*X(v)"C*48WfX*k 

fcae^v^T, ^fcio^y^rtawraw^j? (%) sr 
j? = ( ^ y v ^"^v c ) /*/ y y/gsv 

c 

7 77!*^<^§g, (|*1SPEGR») ifi± 

bZc&cDX\ •v?'mzm*3<±3!it l z£ 0 s ^ 

-m, ^--^s-^vTSO^JWCi O^SCEGR^ift 
^JPT'f l>0-C', HRtCliEGRSfeJl (jrMBEGR) 

El*l«E GRJitciWUE GRSS-jDSlLyiffiS-ffiV^. 

[0 0 69]Xf776 5T'(l IlVc (®A^|) 

Vc (m«) =Vc • v*n.fc~f&. CICO^Vc (m3) 
(±. ^'Jy^cRASM* (««) fcffiS-f «. 'Srfc. 
WEGRi=0Oi:lll «X«fl»Vc*»4,rt*EG 
R4S-MffLTfc. HVc^-3W>4ii:fcT'&*. Xf 
776 6tltM^ri:< > l|Vc ( m 3)lcx>^' 
>-®K3£KNe (rpm) $-^tT. Vc^tigJK (#: 
If SSI ; mVm sec) $-5:^5 „ 
[007 0] VcMM=IVc • N e • K 

^<i*c*v K\iM&£m*.*t&x?)&krc. k= (i/3 

0) X (1/1000) X'fo%. 1/3 0(i. Ne (r 
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pm) £Ne ( 180deg/s e c ) £m%thtztb 
O&OT'&D, 1/1000WL Vc (mVsec) 
£Vc (mVmse c ) l,Z2mt&ti£><0i><7)X'h 

[0071] ttz. Hwsawasa^fl^stf 

Vcmmm=mVc ■ Ne • K • n/N 
n/N{*^^<0ig®£#±$^S^^g&src& 

[0072] ^f-/76 7Ttt. Vc^«£ (#WsS 
S ; m3/m sec) oflHHtt*fc: J: 0 . JWfflQffl ( 1 
msec)^0 |c*/ij yriCCRA$ixl»^l-C'$>?» 
S^U V*lR^fW»V c ( m» ) =Vc^MI ■ A 
t£$£fctJ-T5. 01 3i££BE8ttt (v-*-;h*«®si 

-^-bT*£>9. Bf^i«aAt#ta»D3iLSlEfi$*i. 

C c=Vc ■ Cm/Vm 
( 1 ) ftoidt^ft^U.. SWfcoflOHttr 
;g5SP • V = C • R- TiO. C = P ■ V/ (R ■ T) 

Cc=Pc - Vc/ (R • Tc ) 

[0 0 7 6] ZZX\ Pc = Pnu Tc=Tmt«ft 
C c=Pm ■ Vc/ (R - Tm) 
$W*KOtt»05rg5$P • V = C ■ R ■ T± 

•9. P/ (R • T) =C/VTfoh<F>X\ -7~^-)U\i 
Pm/ (R • Tm) = Cm/Vm 

[ 0 0 7 7 ] (4 ) 5C£ ( 3 ) 3&ZRX~?tl\f , 
Cc=Vc- (Pm/ (R • Tm) ) =Vc • (Cm/ 
Vm] 

JJH < 1 ) JJLhWJ: o (c % 

777 1, 7 2^^0jgLHfi : -ri>c:i:Cj;0. 

^>n i o tc^-ri a t=asBBnr-r« z. t o , ^ u > 

^iRASSUrC&S >- U ^SKSSHttC c ( g ) 
£>T. ffiTrf&Cfc^'T'tS. ft. Xf777 1, 7 2 

[0 0 78] HI 4i2„ ftiSii;l'-fy£07D-ft- 

a5^M«*cc (g) *K\m&%mmLx. cck 
(g) £gaj-f£. 

Cck=CckX (1-M) +CcXM 
MteM s P&)im.X'& K) „ 0<M<1T"&&. 
[0079] ^f778 2T'(i. Jnfi^MSf^vU 
yfai^fiCck (g) £-»M ?JWWBfcttiG3« 

xyvVESg&Ne (rpm) fcffiwc, 
Cck (g/cycle ) =C c k/ ( 1 2 0/N e ) 



[0073]Xf777 1 Tii. 7-*-;P FgflgHyR 
5Sf®: (-7X^-;PKg5^«iCm^IR5:ffK) Ofc 
ft, <fc*tf)rfc<, VX^-;Wh-gPSM»»^l5lH»iC 
m(n-l) fc s @10 <7))V—f- l/X*i&&>tz~?~ib—)l' KSff 
^t^fiCa ( = Qa • At) £Jn3tU £ 

©A^»T'S>i»>-U>'^gPSmS*Cc(n) Sr^SL 
T . K«£SW«C m (n) ( g ) £3t£ti^ 

5. 

[0074] Cm(n) =Cm(n-l) -hCa-Cc(n) 

c:tffi^§cc(n) (SBtrilio;^— fyt^xf -/ r 

7 2KJ:D*a}SftJfcCcT»4. Xf7r7 2tll 

>r©ASm» ( is V >y&2MMmc c ) CDW-iti 
cotztb. assart Hi lWP-f yttW^'J 
^^WS»*M»V c . H«3E$«l*C m 

fcJSJTU vx*-/WKgp<gEjfVm (-Jgffi) X' 
HSJttT. S'U >rgSSmKfiC c ( g ) £:£ft£. 
[0075] 

■ • • (1) 

• • • (2) 

• • • (3) 
... ( 4 ) 

fc <£ 0 s 1 9 IV ( 2 @te=720deg ) fltO^ U ^^gp 
( g/cycle) tCjgJJW*. 

[0080]$. infi^a&Sli. xn >y h 

fc#T'#£. HI S\,i.Z<?#§&<nwmjV-*>cr>7n 
-f-*-hT*&. Xx>yr8 5T'^UV^SP^®* 
Cc (g) <?«EflaiACc^JKJ-r*. MWC*x-yT 

8 6 T'C O^bl A C c tfBfrgRBBrt ( Bf^il A J; O^c 
§ < Br^ffi B X 0 /h$ v ^ ) ti^frZmfetZ . W^®H 

T8 7TCck (g) =Cc (g) t Lttk. Xt»/7 
82T-H1 4<7)^.T--yT8 2i:|5It(C l^M 7)U ( 2H1 
$E=720deg) «cT)^U >^S^,«*C c k ( g/cycl 
e ) £S3&-f£. 2&£&ACctmmfflmX'$>&i§r& 
it. Xf7 78 lt'lll 4<7)Xf--y7°8 1 tmtlZi^V 
yy«£&(M*C c ( g ) SrJufiTO^iaLT C c k 

(g) £JTffiU Xx-y7-8 2^\jltf. 

[0081] JiLhOi d^'J ^^^ftASBWI ( S^U i" 
rgP^«*C c , Cck) ^ffikiJ: D . -r**>^. 
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KfKSSWttc m fc y y*&mv c <h tca^ 

v vc ^ u v^eRA^mfi ( is y >y&m.'*m& >c c j 
[0082] ioTs °r^ii)#x^^VT'co y y ¥®. 
tnz x y m$Mmm/mffiffi&*Miz fa±.-tz> . * 

jft*. rtfflEGR*j**src{i % BBfc*>J:3t=#jK#H! 

ektae-^v^rtaiEGR* (f*ma> x(v)* s its 

[0084] 8WrxJ|WJ|[»T(i. KflBrtnPE G R41C 
iWPE GR^a nfel&M* E G R*£ »LXm#X 
4 (flcRS) SrEGR^O^pSrffl^T^'X* 

(«*) XWtWH. (»S) X(g)£v- 

y y?ftm#*& («*) vcwt^usw 

TjkbtzX 1 izntHZti&i'V yy»2BHK*c c (g)£ 

[0085] ^aESii^TJi. iWEawr^**: t=* 

jK^Bt^mas-r-s.. MBT««arrtt, mmmR 
jmmBtizm^^x. mbt (©±h;i^%fo&*B# 
») £irffi-r&. ft*w(ct±. «aaftR*En*iaiB t 
yynnEaaN e izm^x 9 jyvf&m&m. ttz 
±x\ ^umxKt^mnm^m^^y^nmm 
vmmmwe-?b%&j:oiz. wmfe? ?y?n& 
w*pbimmBUffimBtwm<o?5y?nim**if 

mnW<7)7 7y7M®SZ. MBTtLXM-tt-tZ. 
[0086] ZCOXo iz-ttltt!^ |*lgPE GRltS^^ 

xmmmz-Mmmzm&Lx . jtswrtctMBTSjE 



[0®ofsmftSiHg] 

[Hi] *mico&mm&miz*mtz>-*j$m)#cD®\ 
m&mzffittz^yi'ycvi'Xf-Jxm. 

[02 ] H t < « ■ 3Bft#«)«aBnitKa&*ffi & 

0. 

[04] Ht<W»EGRiOl*«$*lfJtW 
[H5] rat<rt»EGR*^-A-9-y7'fcJ:* 

[06 ] mm^miEmcom^Eiz x hmiEmiin 

iti-?&-y-7"ju— j f-y<D7X3—**—h. 

[07] mm®E G RiO*2ts:ffi<^#tt2:^-r0. 

[08] Huie^-^'-^ vyizx&mzffiJEmoim 
0. 

[010] S&20HJfe^!g <0M»^ u -y 0 

[0ii] r t < 7^*-^ k gpsEA^a^ai/w- 

[012] ni<i'V>4ng9MMr-+>-0>yxi— 
[013] H t < JBBffW ( KgptR^HEJr 

fhffst/^ y yyw&ssMxiti > /Kfy«7o-f 

[014 3 |3It<m«'W-^>'0^n-^-v-h 

[015] llt<f£Jm^-^Offe0^7n-^ 
■v— b 

[016] us 3 <n$kwmmm~7'x3 > y ?m 

l 

4 £jAc& 

5 W®mm&<7)\®.%# 

6 «a&BHi^o^# 

7 ©^ilK 
8 

9 I77D-^-^ 

10 «®i^a-y 
1 1 

12 =? >- h a— ;l/JL - - y h 
13 

1 4 T^-fe/lx^^-te^ 
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[011 



[02] 



Q« OttSh) 





[04] 
[start] 

















p _ S23 


EVEGRO€r*ffl 










RETURN ] 



[H8] 



Pm CP«) Pe (P« 
Vm mO Vo {rn* 

?S«8 ?c C C^ 



E 
G 
R 
* 



[B6] 



* 



start] 


[START 














. J. SPSS, 







ATDC»** «-±XA-^ BTDCift** 



[HI 3 ] 



aaa 



JS42 



324 



OLTIMB= 
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